Introduction
The measurements of properties, such as colour and texture, of fruit samples in drying experiments (with similar drying conditions) give variable results due to biological variability within and between the samples used. For example, those samples prepared from different bananas and from different parts of a banana may vary in their properties. These variations in the properties of bananas may be due to the different degrees of ripeness and the locations where the bananas are grown. The average drying behaviour of bananas in terms of their moisture loss as functions of time has often been studied [1] [2] [3] [4] [5] but the texture and variability of samples has not been studied in detail. Foster et al. [6] measured the chemical compositions-the contents of moisture, ash, fiber, sugar, ascorbic acid, Fe, Cu, Zn, Mn, Na, K, Ca and Mg-in the different parts within a banana, and they found that the distribution of nutrients measured in the banana samples vary. Hardisson et al. [7] has evaluated the variation in the mineral compositions of bananas, which are grown in different locations. They measured the levels of Na, Ca, Mg, Cu, Zn and Mn in bananas, which were grown in the north and south island of Tenerife, Spain, and found significant variations in the measured components. Variation in moisture content also exists in timber drying [8] because timber that is prepared from different parts of trees or different trees may have different moisture content. Timber is usually being dried before it can be used to make furniture; Moisture content variation in timber has been found to affect the final quality of dried timber, and hence it can affect the final quality of furniture produced. Effect of variation in the properties of biological material has also been studied by Cabardo and Langrish [9] for Blackbutt Timber. In their study, analysis of variance showed that the board positions within-trees and between-trees affects the timber properties, and hence, affects the uniformity of the final quality of the dried timber. Variation in the quality of dried chilli has been studied by Toontom et al. [10] . In their study, the moisture content, colour, ascorbic acid content and capsaicin content were measured. Statistical analysis was done using the Analysis of Variance (ANOVA) to evaluate the variation in the properties of chillies by testing the significant difference between each pairs of means. Daniels [11] has studied variability in the processed Arabica coffee from the mountains of Panama. He reported that inconsistencies in the quality of processed coffee can be one of the factors that disqualify the coffee for export. His statistical analysis using ANOVA showed that the coffee fruits harvested at different days resulting in inconsistencies in the quality of the processed coffee. Another study on variability analysed for rice has been conducted by Thompson et al. [12] . They found that the length of storage time was one of the factors to the variability in the final quality of processed rice. Other studies on evaluation of variation using statistical analysis can be found in the work of Sirijariyawat and Charoenrein [13] for fruits, Henriques et al. [14] for pumpkin, Morris et al. [15] for wheat, Nurul and Asmah [16] for red pitaya, Choo and Yong [17] for Hylocereus fruits, Chandra et al. [18] and Radunić et al. [19] for pomegranate, Hernández-Fuentes et al. [20] for xoconostles fruits, Onuegbu and Ihediohanma [21] for pear, Manzoor et al. [22] for apple, and Karababa et al. [23] for Cactus pears. Other work on properties variation in fruits have also been conducted by Akbarpour et al. [24] , Manzoor et al. [25] and Thakur et al. [26] . Some of research findings on variability of biological samples show that variability in the properties of biological material affects the final quality of processed product, and may affect its commercial value.
It may be difficult to avoid variations in the samples, but some measures may be applied to minimize the variations, including changing the process conditions to reduce the final degree of variation; The location within a drying chamber can be another source that contributes to the variability in the experimental results because the drying conditions may not be uniform at different points within the chamber. A statistical test such as a two-stage nested design, can be used to assess the variations in the properties of samples that are prepared within and between the bananas. This assessment may be referred as a multifactor assessment, where the levels of one factor (factor B) are similar but not identical for different levels of another factor (factor A). Here, factor B is the different position within a banana, while factor A is the different banana. Such an arrangement is called a nested design or hierarchical design, with the levels of factor B nested under the levels of factor A [27] . Another statistical test, which is the two-sample T-test, can be used to assess the difference in the means of the data. This test is applicable for assessing the variations in the properties of samples that are prepared from bananas at different degrees of ripeness. The procedures for these statistical tests are described in Sect. Twostage nested design test.
In this work, the colour, texture, moisture and sugar contents of the bananas were measured. The variations in these properties of the banana samples were analysed using the two-stage nested design method and T-test. Firstly, this work is aimed to assess the variability in the moisture contents within and between ripe bananas. Then, the variations in the moisture contents of bananas at different degrees of ripeness were analysed. Finally, the effects of the locations in the drying chamber on the changes in the properties of the banana samples were assessed.
Materials and methods
Two experiments were carried out, as described in the following sections. The drying apparatus used in this work was a steam-heated kiln in the School of Chemical and Biomolecular Engineering at the University of Sydney. A simplified schematic diagram of the kiln is shown in Fig. 1 . The kiln is a pilot-scale tunnel dryer with working section dimensions of 0.45 m height, 0.9 m width, 0.4 m length and a volumetric capacity of 0.162 m 3 . A centrifugal fan with a constant motor speed of 1400 rpm provides an air velocity of 1.3 ms − 1 through the working section. A jacketed steam injection unit is used, in which steam is injected through six injection ports over a 300 mm diameter duct into the tunnel. Steam is generated by a 10 kW boiler, with the steam final pressure being regulated to 1 atm (gauge). A steam-heated finned heat exchanger is used to regulate the dry-bulb temperature. The flow rates of the steam to the heat exchanger and from the steam-injection system are determined by the settings on control valves, to maintain the dry and wet-bulb temperatures at the desired set points. The control valves receive their settings from a computer.
The average values for each of the dry and wet-bulb temperatures were calculated based on the reading measured by four resistance thermometers (RTDs) that were mounted in pairs at both sides of the kiln. The two thermometers, which were used to measure the wet-bulb temperatures, were covered by damp wicks. One end of each wick was immersed in a small water bath filled with distilled water to keep it wet. A platform balance with a capacity of 200 kg (±0.005 kg) under the working space of the kiln measured the mass of the bananas as the drying progressed. Output signals from the control valves, resistance thermometers and platform balance were sent to an IBM-compatible personal computer through a RS-232 interface. These outputs provided data logging of the main process variables, as well as sending control signals to the control valves. The control software was written in Visual Basic. Humidity regulation was also provided by manually-operated butterfly valves, which act as vents for the kiln. For safety purposes, a solenoid valve to each unit (heat exchanger and steam injection) was used to totally isolate the steam supply if necessary.
Experiment 1
The objective of this experiment was to assess the variation in the moisture contents within and between bananas. Banana samples were prepared from four bananas with colour index 6 (corresponding to ripe bananas), and each banana was cut into 13 slices. The variations in the moisture contents of the bananas at different degrees of ripeness have also been analysed. Four unripe (colour index 2), ripe (colour index 6) and overripe (colour index 7) bananas, making a total of twelve bananas, were used, and each banana was cut into five slices. Figure 2 shows images of bananas with different degree of ripeness categorized using the Chiquita colour index [28] . This colour index categorized the degree of ripeness based on the colour of the bananas' skin; entirely green-colour index 2, more green than yellow-colour index 3, more yellow than greencolour index 4, yellow with green necks-colour index 5, entirely yellow-colour index 6 and entirely yellow with brown spots-colour index 7. The samples, which were cut into approximately 10 mm lengths, were dried in an oven at 105 °C for 24 ± 2 h. This procedure resulted in no further change in mass after 24 h of drying. The moisture content, X, was estimated based on a dry basis using Eq. 1. Here, M w and M d are the wet and dry masses, respectively. 
Experiment 2
This experiment assessed the effect of locations in the drying chamber on the properties of the dried bananas. Six ripe bananas with colour index 6 were used. Banana samples were placed in different locations on a set of mesh trays, as shown in Fig. 3 . The air flow direction across the samples is shown in Fig. 4 . Bananas were labeled from B1 to B6, and each banana was cut into three parts (top-end, middle and bottom-end). The top-and bottom-end samples were placed at the ends of the trays, labeled P1 and P3, while the middle samples were placed in the middle of the trays, labeled P2. The samples were dried at dry and wet-bulb temperatures of 60 and 30 °C, respectively. The colour, texture and sugar content of the bananas were measured before and after drying. The colour of the samples was measured in terms of the Hunter colour parameter, 'L', which represents the lightness, using a Minolta Chroma Meter, CR-310 Series. The texture of the samples was measured in terms of the modulus of elasticity using a unidirectional test. Barrett et al. [29] and Abbott [30] describes tests or methods that can be used to measure the quality of fruits, including measurement
of texture based on the modulus of elasticity Modulus of elasticity The test was performed using a simple laboratory apparatus, as shown in Fig. 5 , by putting a sample between two plates (dimensions of 75 mm x 75 mm), and the deformation was measured for the different loads that were used to compress the sample. Loads of up to 300 g, where a small load was used for soft samples, while a large load was used for stiff dried banana samples. The deformation of the sample was assessed by measuring the distance between the plates using a vernier caliper, model Mitutoyo with resolution of 0.01 mm. Typical deformations were 1-2 mm. The texture of the samples were also measured using a Dynamic Mechanical Analyser (DMA) for comparison purposes with the results obtained using the simple laboratory apparatus. Samples were prepared by cutting the banana into slices with lengths of approximately 6-8 mm.
The diameter of the bananas varies according to the banana size, but those used in this work have a diameter of approximately 30 mm. The DMA used two plates with a diameter of 38.9 mm, a continuous force ramp in the range of 0.1-3 N and a deformation rate of 0.25 N/min. For the sugar measurements, samples weighed about 1-2 g were mashed and put in 10 ml of deionized water. They were left for several hours to let the sugar dissolve in the water. Then the samples were filtered to separate the solid and the liquid. Deionized water was added to the filtered liquid, making 100 ml of solution. A digital refractometer, model WM-7, was used to estimate the refractive index of the solution, which was then used to estimate the B5P1  B5P2  B6P1  B6P2  B5P3  B6P3   B3P1  B3P2  B4P1  B4P2  B3P3  B4P3   B1P1  B1P2  B2P1  B2P2  B1P3 sugar content in the solution based on a standard curve. In this work, the standard curve was developed using sucrose solutions for a range of concentrations from (0 to 10) g sugar per liter of water.
Two-stage nested design test
The two nested design may be illustrated by the diagram shown in Fig. 6 . In this figure, it is assumed that samples are prepared from three positions within a banana, denoted as P1, P2 and P3 and from three different bananas, denoted as B1, B2 and B3. The observation or measurement is labeled as Y ijk , where i is the banana number, j is the position number and k is the number of replicates. In this example, i = 3, j = 3 and k = 3. The linear statistical model for the two-stage nested design is given by Eq. 2.
where, i = 1, 2…, a, is the banana number (3, for example), j = 1, 2,…..b, is the position number (3, for example), k = 1, 2…n, is the replicate number (up to three), Y is the coded data.
In this model, Y is the observation, μ is the true mean, τ is the effect due to the different bananas and β is the effect of the different positions within different bananas. The subscript j(i) indicates that the jth level of factor B is nested under the ith level of factor A. Here, factor A is the effect of the different bananas, while factor B is the effect of the different positions within different bananas. The replicates are nested within the combination of levels of A and B, thus,
the subscript (ij)k is used for the error term, ε. If the samples have similar properties, the observations, Y ijk , are likely to be similar and also similar to the mean of the samples. This also means that the terms τ, the effect of the different bananas, β the effect of the different positions within different bananas and ε, the error may be small. The statistical computations in this work, which estimate the mean squares of the data, are summarized in Table 1 . Here, the mean squares are the sum of squares divided by the degrees of freedom, which represent the variances. The effects of different bananas and different positions on the banana samples properties have been tested based on the hypotheses described in Eqs. 3-6. The null hypotheses illustrated by Eqs. 3 and 4 suggest that the effects of the different bananas and the effects of the different positions within a banana, respectively, are not significant, suggesting little variability due to these causes. The statements illustrated by Eqs. 5 and 6 are the alternative hypotheses, which indicate that the effects are statistically significant. Here, the hypotheses described by Eqs. 2-5 have been statistically tested using the tests statistic given by Eqs. 7 and 8.
Null hypotheses: H to 
Alternative hypotheses
Test statistic: F t
The null hypothesis is rejected if F t > F α, υ1, υ1 or F t < F 1−α, υ1, υ2 , where F α, υ1, υ2 and F 1−α, υ1, υ2 denote the upper α and lower (1−α) percentage points of the F distribution with υ1 and υ2 degrees of freedom. Table IV , page 602 to 606 [14] gives the upper-tail percentage points of F, and the lower-tail points can be estimated using Eq. 9.
The two-sample t-test
In this test, the hypotheses, given in equations 10 and 11, are tested using the test statistic described in equations 12 and 13. The null hypothesis indicates that the means of the two groups of data are statistically similar, and the alternative hypothesis indicates that the means are statistically different.
Null hypothesis:
Alternative hypothesis:
The null hypothesis is rejected if | | t t | | > t a∕2, n1+n2−2, where α is called the significance level of the test, while n 1 and n 2 are the sample sizes.
Results

Variations in the moisture content of the bananas
The moisture contents of the banana samples prepared from different positions of ripe bananas are given in Table 2 . There is variation in the measured moisture content, but the variation is not very significant, as shown by the following statistical tests. The variation in the measured moisture contents of the samples was assessed statistically using the two-stage nested design described in (Two-stage nested design test) section. The data was coded, by subtracting the moisture content with the mean, to simplify the computation, and the data are given in Table 3 . The number of data tested here is n1 (number of bananas) = 4, n2 (number of positions) = 13, and assuming a probability, α = 0.01, the test statistics, F t , have been estimated to be those given in Table 4 . The sums of squares were estimated as follows. The test statistics, F t , were estimated to be 1.03 and 0.28, testing for the effect within and between the bananas, respectively. These tests statistics are within the range of the upper and lower percentage points of the F distribution given in Table 4 , meaning that the variations of the moisture contents within and between the bananas (at the same degrees of ripeness) were not statistically significant.
It was also found that the moisture contents of the samples prepared from different degrees of ripeness vary significantly, as shown in Table 5 . The variation in the moisture contents for bananas at different degrees of ripeness was 
analysed using the two-sample t-test described in "The twosample t-test section. Here, four overipe bananas (colour index 2), four ripe bananas (colour index 6) and four unripe bananas (colour index 7) were used. Each banana was cut into five slices, and the moisture contents of the samples were measured. The effect of position within a banana on the moisture content was found to be small for samples prepared from bananas with similar degrees of ripeness, as described in the above section, and will not be assessed again. Here, the average moisture contents were estimated for the samples, which were prepared from bananas with similar degrees of ripeness, and the two-sample t-test was used to assess the difference in the average moisture contents. The average moisture contents ± standard deviations for the bananas are given in Table 6 . The hypotheses (equations 10 and 11) were tested using the tests statistic (equations 12 and 13) for a significance level of 0.01. The summary of the calculated tests statistic is given in Table 7 .
Here, the sample size was 20 for each set of data, and for t 0.01/2, (20+20−2) = 2.75 (Appendix II, p600 from Montgomery, 1991) [27] . The tests statitistics, t t , estimated for the banana samples, given in Table 7 , were found to be larger than 2.75 (Appendix II, p600, Montgomery, 1991) [27] , meaning that the differences between the average moisture contents for the bananas at different degrees of ripeness are statistically significant. Therefore, bananas with similar degrees of ripeness must be used in experiments to minimize the variation in the results.
Assessment of texture measurements for bananas
The texture of the banana was measured by dividing the stress by the strain to give an estimate of the modulus of elasticity. The stress-strain curves measured using the DMA and the laboratory apparatus, are shown in Fig. 7 . Although the laboratory apparatus generated stress-strain curves that were not absolutely identical to the curves that were generated from the DMA, it produced apparent moduli that were very similar. The apparent moduli obtained by the laboratory apparatus were 40 and 31 kPa (repeat tests on the same banana), whereas those obtained by the DMA were 45 and 42 kPa (same banana). Here, the apparent moduli, which are essentially the secant moduli, were estimated by taking the ratio of the stress over the strain of a line that was drawn from the centre to the maximum point (correspond to a loading of 3 N or a stress of 3.5 kPa). The unidirectional tests with a simple method, using a basic piece of laboratory apparatus, produce data that are very close to those generated by the DMA, an instrument that has higher precision. The unidirectional methods described here all involve compressive stresses and strains only, compared with three-point bending experiments, where different parts of the specimens are in tension and compression. The small variation of apparent moduli measured by various instruments using the unidirectional method, for a similar group of materials (here soft fruits), suggests that the use of particular instruments in the texture analysis in terms of the apparent modulus is not crucial. The selection of an appropriate method depends on a number of factors, such as the degree of accuracy in the data collected, the cost of the equipment used and also the place where the test will be performed. Small-scale producers of dried fruits in developing countries may want to check the consistency of the quality of the products, and this is where the use of a simple method is more practical for some testing purposes than sophisticated equipment.
Measurements of the properties in dried bananas
The variations in the properties-sugar content, colour and texture-within and between the bananas were also analyzed statistically using the two-stage nested design, and the test procedures used here were similar to those described in "Two-stage nested design test" section. The variations in the properties were evaluated for the samples before (Table 8 ) and after drying (Table 9) , and the statistical analyses are given in Tables 10 and 11 . In these tables, SSB, SSP, SSE and SST are the sum of squares due to different bananas, sum of squares due to different positions within the different bananas, sum of squares due to error and the total sum of squares, respectively. Assuming a probability, α = 0.01, the upper and lower percentage points of F distributions are given in Table 10 . Here, υ2 was taken as 60, which is close to υ2 = 90, and υ2 = 90 is not available in the table for the F distribution (Table IV, p606 , Montgomery, 1991) [27] .
The tests statistics, F t , estimated for the sugar content, colour, texture of the banana samples (in Tables 11, 12) were found to be small, between the upper and lower percentage points of the F distribution (Table 10 ). These results suggest that the properties of samples prepared from different parts of the bananas and from different bananas do not vary significantly, provided that the degree of ripeness is similar. This finding for dried banana samples ( Table 11 ) also indicates that the samples placed at different positions on the trays showed only small variation in their properties, meaning that the effect of locations in the drying chamber on the properties of the dried samples is statistically not significant.
Conclusions
The variations in the properties-colour, texture, moisture and sugar contents-within and between bananas were assessed statistically using a two-stage nested design test and the two-sample t-test. The moisture contents measured for samples prepared from different positions of different bananas with similar degrees of ripeness vary, but the statistic assessment using the two-stage nested design indicates that the effect of position and different bananas on the moisture content is small. However, the variation in the moisture contents of the bananas at different degrees of ripeness was found to be significant. This finding suggests that samples can be prepared from different parts of the bananas provided that the bananas are at the same degrees of ripeness. It was also found that the location of sample in the drying chamber did not affect the measured properties of the drying bananas significantly. Different methods for texture measurements were applied here for the bananas.
The tests performed using a laboratory apparatus produced results that were similar to those performed using a DMA. This result suggests that the use of particular instruments in the texture analysis of dried fruit in terms of the apparent modulus is not crucial, and therefore, the laboratory apparatus, which is simpler in its application than the DMA, has been used to measure the texture of the bananas.
